INTRODUCTION
C left lip and palate is a congenital anomaly that affects approximately one in every 1,000 live births in the United States. The incidence is higher in Asians, with reports ranging from 1.14 to 2.13 per 1,000 births, and considerably lower in African Americans, 0.21 to 0.41 per 1,000 births. 1 The etiology is thought to be multifactorial in nature with genetic and environmental factors contributing to its presence. Complete cleft lip and palate defects are often accompanied by: nasal deformities, speech alterations, missing and malformed teeth, chronic otitis media, associated heart abnormalities, and psychosocial disturbances. 2 Clearly, this malformation presents tremendous challenges for patients, their families, and health care teams who provide treatment.
For several decades an abundance of research on cleft lip and palate has been published from a variety of specialties. As a result, treatment outcomes have steadily improved, along with the quality of life of those affected. Unfortunately, little agreement exists among treatment centers as to the appropriate protocol for treating complete oral cleft deformities. This lack of consensus is due in part to the difficulty in conducting long-term, prospective research to assess treatment outcomes.
Complete oral clefts are defects that involve the primary and secondary palates; they extend from the nostril sill through the lip, alveolus, and involve the hard and soft palates. Consequently, some degree of surgical repair is required to restore sreasonably normal anatomic form and to satisfy structural, functional, and esthetic needs. Typically, reconstructive procedures are spread over the patient's life and often include: cheiloplasty, rhinoplasty, alveolar bone grafting, pharyngoplasty, and secondary revisionary surgeries. 2, 28, 31 The type and timing of alveolar cleft repair and its subsequent effects on maxillary growth continues to be a topic of debate. Alveolar grafting of cleft defects is a concept that has been in existence for decades. According to Koberg's (1973) and Witsenburg's (1985) thorough reviews, alveolar grafts were first attempted in the early 1900's using bone and soft tissue from the little finger. 3, 4 A variety of different donor sites have been employed since then, with the most common being from the rib, iliac crest, and cranium. Although not every center uses autogenous grafts routinely, evidence suggests that oronasal fistula occurrence is greatly reduced when grafts are used. Bone grafts also provide a matrix for tooth eruption and may prevent transverse collapse of the anterior maxilla. 5, 28, 31 There are three principal approaches to surgical repair of complete unilateral alveolar clefts. These include: primary bone grafting, gingivoperiosteoplasty (boneless grafting) and secondary bone grafting. The terms ''primary'' and ''secondary'' refer to the time when reconstruction of the cleft alveolus takes place. Conventionally, the term primary refers to alveolar reconstruction at the time of lip repair, or shortly thereafter, when the patient is less than 2 2 years old. Secondary reconstructive procedures are typically classified as: early secondary (2Y5 years of age), secondary (6Y12 years of age), and late secondary (912 years of age). 3, 4, 7, 18, 28, 31 To avoid confusion, all of the secondary procedures in this investigation will be referred to simply as secondary bone grafts.
Primary bone grafting at or near the time of lip repair was introduced in the mid 1950s as an attempt to establish normal conditions as early as possible. This technique was enthusiastically adopted by many centers as a means of establishing early arch continuity, thereby limiting its subsequent transverse collapse. 6, 8, 28, 31 However, initial optimism soon reverted with reports of adverse effects on facial growth.
9Y11 Some primary grafting techniques were strongly criticized in the literature for being deleterious to maxillary development and many centers abandoned the procedure. 11, 12, 28, 31 Gingivoperiosteoplasty of alveolar clefts was first described by Skoog in 1965 as a ''boneless bonegraft''. 13 This method intentionally creates a periosteal tunnel that supports bone growth across the cleft alveolus in an attempt to establish continuity of the arch and prevent its collapse. In the reported literature, resultant bone formation varies from as high as 100% to as low as 38%. 14, 15 Some contend that if gingivoperiosteoplasty is performed successfully it may circumvent the need for a second surgery. 16 Other investigators have reported inadequate bone formation with the increased need for secondary grafts, and a high occurrence of transverse collapse. 17 Secondary bone grafting in the mixed dentition has gained popularity because of its predictable graft success, support for the alar base, and its positive interplay with the erupting dentition. 5, 19, 20 Advocates of secondary bone grafting also point out that most of the anterior growth of the maxilla has taken place by the age of six years. 20 Therefore, by delaying grafting, the effects of surgery on maxillary growth should be less deleterious.
The purpose of this lateral cephalometric study was to compare facial form at six years of age in complete unilateral cleft lip and palate patients treated with presurgical orthopedic correction and either surgically corrected with primary bone grafts, gingivoperiosteoplasty or without alveolar bone grafting procedures at the time of lip repair.
MATERIALS AND METHODS
T his material consisted of lateral cephalometric radiographs of 38 children with complete unilateral cleft lip and palate (UCLP). All patients were treated with presurgical orthopedics with the Latham Appliance prior to cheiloplasty. The appliance was delivered at around 4 Y6 weeks of age when the myringotomy tubes were inserted. Activation was continued until adequate arch alignment was achieved, which usually takes 3Y5 weeks. None of the patients had undergone active orthodontic therapy at the time of the radiographic evaluation. The patients were divided into three groups according to the method of alveolar repair.
Group I consisted of 11 patients (7 male, 4 female) treated with primary gingivoperiosteoplasty at the time of lip repair. The surgeries were principally performed by two surgeons in the Detroit metropolitan area. The lip repair was performed following the principles of Millard or Tenison when the patients were 3Y4 months old. The ages at evaluation ranged from 5 years and 5 months to 7 years and 7 months with a mean age of 6 years and 5 months (77.8 mos).
Group II consisted of 14 patients (9 male, 5 female) operated on by the same surgeon with primary bone grafting from the hip at Providence Hospital in Southfield, Michigan. The bone grafts were placed at the time of lip repair when the patients were 3Y4 months old. Their ages ranged from 5 years and 3 months to 8 years with a mean age of 6 years and 1 month (73.9 mos.) at radiographic evaluation.
Group III consisted of 13 patients (9 male, 4 female) treated at Children's Hospital Medical Center in Cincinnati, Ohio. They were all operated on by the same surgeon with primary lip repair and without an alveolar bone graft. The team in Cincinnati follows a protocol of secondary bone grafting when the patients ASSESSMENT OF CLEFT LIP AND PALATE PATIENTS / Grisius et al are between 9 and 10 years old. Thus, at the time of evaluation, no bone grafting procedures had been performed. The lip repair was performed in the third month after birth, following the principles of Millard. Their ages at evaluation ranged from 5 years and 2 months to 7 years and 7 months with a mean age of 6 years and 6 months (78.7 mos).
The lateral cephalometric radiographs were taken under standard conditions in centric occlusion.
All of the landmarks were identified, and the radiographs were traced by the author. The tracings were digitized on a Numonics Accugrid with an accuracy of 0.127 mm and a precision of 0.001 mm. The landmarks employed were similar to those utilized by Friede (Fig 1) . 21 The measurements were corrected for 10% magnification. Data management and statistical analysis were performed by an independent statistician.
RESULTS
T he means, standard deviations, and ranges of each group were calculated. The data were analyzed with a one-way analysis of variance (ANOVA) for group means with post-hoc tests for pair-wise comparisons. In order to prevent overstating significance and to control for experiment-wide alpha error, the significance level of 0.05 was reduced by a factor of 12 (the number of variables) to 0.004. The data are summarized in Tables 1Y4.
Statistical analysis revealed significant differences between the three groups for the vertical dimension of the anterior maxilla (N-ANS). The primary bone grafted group (Group II) demonstrated significantly less vertical descent of the anterior maxilla compared to the gingivoperiosteoplasty (Group I) and non-grafted groups (Group III) (F = 7.0590, df = 35, P = 0.0027). The mean N-ANS measurement for Group II was 37.5277 mm, which was significantly less than Group I and Group III, which were 40.5753 mm and 41.6871 mm, respectively. No other variables were significantly different.
DISCUSSION I
ntercenter studies offer the unique ability to compare results of different treatment regimens with the goal of improving future treatment outcomes. However, intercenter studies also present several obstacles. Most notable, are the intangible effects that different surgeons have on treatment results. Surgeons often employ different operating techniques and have varying levels of experience. In addition, the cephalometric radiographs used in the analysis are frequently taken on different machines by different auxiliaries with varying degrees of quality. Nevertheless, intercenter comparisons provide valuable information about treatment outcomes by comparing populations with similar defects. Many investigators attempt to compare their results to normal standards, despite the well-documented differences inherent to the cleft lip and palate population. Thus, in the present study no attempt was made to compare these individuals with congenital defects with normal subjects. Instead, we sought to determine which group(s) demonstrated more favorable maxillary development and which protocol offered the best opportunity for normalized growth.
Several investigators have reported on the effects of alveolar grafting on craniofacial growth by comparing different grafting techniques. Most of the investigators who have studied primary grafting procedures have revealed some degree of maxillary impairment. Some advocates of primary bone grafting who continue to report favorable results, stress the importance of presurgical orthopedics prior to surgery. 8, 16 Yet, there are no reports in the literature comparing the three principal approaches to surgically correcting the alveolus when all of the subjects were treated with presurgical orthopedics.
In the present study, the gingivoperiosteoplasty sample (Group I) demonstrated no significant differences in orofacial morphology when compared to the non-grafted sample (Group III). These findings are consistent with those reported by Wood, who did not find any clear maxillary impairment in patients treated with gingivoperiosteoplasty when compared to those treated without any grafting procedures at the same age range. 22 Smahel et al. reported similar results, finding the only significant difference between the individuals operated on with a periosteal flap and those without a bone graft to be a more prominent upper lip. 23 They attributed the soft tissue improvement to maintaining a positive overjet with subsequent orthodontic therapy. In the present evaluation, no orthodontic treatment had been initiated at the time of evaluation, nor were any soft tissue landmarks evaluated to confirm their findings. Our results are also in accordance with the Prygh et al. investigation of early periosteoplasty, where their findings demonstrated no significant posterior positioning of the maxilla when compared to their previous non-grafting protocol. 24 In the comparison of the craniofacial morphology between the primary bone grafted sample (Group II) and the primary gingivoperiosteoplasty sample (Group I), a significant difference was noted in the height of the anterior maxilla (N-ANS). Previous reports comparing these procedures have recognized similar findings. Smahel reported a significant canting of the palatal plane that demonstrated deficient growth of the upper anterior face height compared to the posterior height. 23 Sameshema studied the same sample of patients with the finite element method and also found the periosteoplasty group to have greater vertical descent of the maxilla when compared to their primary bone grafted sample. 25 However, these reports identified several other significant findings inconsistent with our results. They reported that the primary bone grafted group had a more retrusive maxilla, longer anterior face height, greater posterior rotation of the mandible, and a higher mandibular plane angle. Although our analysis was limited, we did not observe any significant differences in mandibular position.
The decreased vertical height of the maxilla in the primary bone grafted group was also significant when compared to toe non-grafted sample. This finding was also observed by Friede et al. when they evaluated their primary bone grafted sample at a 15Y20 year follow-up. 9 It should be noted that Friede's bone grafts extended into the palate as well. Ross's multi-center study comparing various alveolar surgical procedures concluded that anterior growth of the maxilla is inhibited following bone grafting. 11 This trend was also noted by Brattstrom et al., finding decreased vertical maxillary height when comparing primary to secondary bone graft procedures. 26 In a cephalometric comparison of primary bone grafted and non-grafted adults, Suzuki et al. found anterior vertical height to be smaller and posterior height to be greater in the primary bone grafted group. 27 Their study also revealed a smaller cant of the palatal plane and a poor anterior to posterior face height ratio. They concluded that primary bone grafting caused a vertical attenuation of the anterior maxillary complex.
There have been several reports in the literature describing maxillary retrognathia in patients undergoing primary bone grafting procedures. Among those reporting negatively, Friede et al. found maxillary growth attenuation that was so severe that 50% of the cases required maxillary advancement procedures. 9 Robertson and Jolleys monitored a sample of patients grafted at 12Y15 months of age and compared them to a non-grafted sample after 5 years. 10 They concluded that early bone grafting inhibited forward growth of the maxilla. In Ross's multi-center study comparing primary bone grafts, he found the length and protrusion of the maxilla to be reduced in the primary bone grafted group when compared to normal standards. 11 Suzuki evaluated a sample of primary bone grafted patients as adults and revealed a decrease in maxillary length and protrusion. 27 Our results did not correspond with these reports. We did not find a significant difference in maxillary projection. In fact, our mean SNA measurements were virtually identical (P = 0.9413). Our results also conflicted with Ross's and Suzuki's in that we found no significant difference in maxillary length.
The appropriate type and timing of alveolar cleft repair will continue to be debated in clinical and academic arenas. Each presented protocol has recognized benefits and detriments that must be weighed by the treating clinicians. However, it should be noted that most of the critical reports on primary grafting emerged from results of early surgical techniques that involved extensive undermining. Refinements in operative techniques have resulted in more favorable outcomes for primary grafted patients. As evidenced by our results, the lack of significant differences in nearly all of the parameters analyzed is more promising than previous investigations comparing these procedures. The degree to which presurgical orthopedic correction had on our favorable results is not clear. Further studies evaluating the long-term effects of the Latham appliance on maxillary development would be beneficial. It is not clearly understood why there is an apparent decrease in the anterior vertical height of the maxilla in the primary bone grafted group. However, it is well recognized that anterior nasal spine (ANS) continuously remodels and may not be the ideal landmark to evaluate vertical descent of the anterior maxilla. Continued follow up of these patients is needed to ascertain the long term effects of this finding.
